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Abstract 
Voltage-activated and spontaneous chloride-channel activity was studied in melanoma cell-line A2058 by patch-clamp technique. 
Whole-cell and inside-out patch recordings carried out with leak subtraction show voltage-activated chloride-conductance. In addition, a 
large leak-type conductance typical of epithelial cells was found in whole-cell experiments. This current was carried mostly by 
chloride-ions but also a leak-type potassium conductance was found showing KCl fluxes to be possible. Cell-attached and inside-out patch 
recordings howed at least two types of spontaneous chloride-channel activity. Bursting, flickering-type channels were found only in 
cell-attached recordings. That led to the conclusion that some intracellular factors are needed for that kind of activity. A second 
spontaneous, 30 pS chloride-channel with slow kinetics was found both in cell-attached and inside-out patch configuration. A 
voltage-activated chloride-channel found had a conductance of approximately 25 pS. In our experiments these channels did not need 
external calcium for activation. Voltage ramp recordings in cell-attached configuration gives the intracellular chloride concentration f
163 mM on the basis of chloride reversal potential (extracellular 146 mM in our experiments). Intracellular chloride concentration thus 
seems to be maintained slightly higher than the extracellular one. 
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1. Introduction 
Cell membrane ion currents have many very important 
roles also in epithelial cells. Of these, chloride currents 
have been studied quite extensively. In epithelial cells the 
role of chloride channels has typically been related to cell 
volume regulation, but it i,s possible that chloride currents 
have some role in controlling the cell proliferation and 
differentiation as well [1]. Previous studies on a type of 
epithelial cells, the keratinocytes, how voltage-activated 
chloride currents [1]. Leak-type chloride-ion currents were 
also described. In human melanoma cell line IGR l, a 
voltage-dependent non-inactivating potassium-channel (de- 
layed rectifier) with l0 pS conductance has been found [2]. 
Few data are known of chloride-channel activity in epithe- 
lial cells which are in fairly physiological conditions with- 
out any experimental stimulus. That kind of channel activ- 
ity, if it exists, could be called spontaneous. 
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We have studied membrane ion currents in melanoma 
cell line A2058 by patch-clamp technique [3]. Whole-cell 
experiments were carried out to see if similar chloride (and 
potassium) -channel activities could be found in melanoma 
cells as in the keratinocytes Because few data are known 
of spontaneous chloride-channel activity, we planned our 
experiments in order to get information about that kind of 
activity in cell-attached and inside-out patch configuration. 
2. Materials and methods 
2.1. Cells and cell culture 
Melanoma cells (A2058) were cultured on glass cover- 
slips placed on Petri dishes in minimal essential medium 
(MEM) supplemented with 10% fetal calf serum, 2 mmol / l  
glutamine, 10 ml/1 non-essential mino-acids (NEAA 100 
×,  Nordvacc Media) and 10 mg/1 gentamycin. 
The growth medium was selected to give the most 
neutral conditions for the cells. Cells were kept in a 
humidified atmosphere at 37°C with 5% CO 2. 
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2.2. Cell preparation 
Cells grown 2-3 days on a coverslip in the growth 
medium were washed twice by PBS to avoid growth 
medium components obstructing the seal formation in 
patch-clamp. Coverslips were placed on Petri dishes with a 
hole in the bottom. Bath solution was applied in small 
amounts on coverslips then sucked away and applied again 
to wash the PBS away. Cells remained fixed on the 
coverslip after the wash. Bath solutions were replaced 
regularly to avoid osmolarity shift by water evaporation. 
2.3. Solutions 
2.3.1.1. Solutions for whole-cell recordings of voltage 
activated channels. The bath solution contained (in mM): 
100 BaCI 2, 30 CsCI, 20 tetraethylammoniumchloride 
(TEA), 10 gluc., 5 HEPES, pH 7,2 with KOH. Electrode 
filling solution contained (in mM): 145 CsC1, 10 TEA, 10 
ethylenglykol-bis-(2-aminoethyl)-tetra-aceticacid (EGTA), 
10 gluc., pH 7,2 with CsOH (Ecl = - 13 mV). Osmolarity 
was checked by an osmometer and both solutions were set 
close to isotonicity (300 mOsM). 
2.3.1.2. Solutions for whole-cell recordings of leak-type 
channels. The bath solution contained (in mM): 130 NaCI, 
10 KC1, 2.5 CaCI 2, 0.5 MgCI 2, 10 gluc., 5 HEPES, pH 7.2 
with KOH. The electrode filling solution contained (in 
mM): 140 KC1, 5 MgCI 2, 5 HEPES, 2 EGTA, 4 ATP, pH 
7.2 with KOH (E K = -70  mV and Ecl= +0.7 mV). Both 
solutions were set on isotonicity (280 mOsM) by applying 
small amounts of distilled water if necessary. 
2.3.1.3. Solutions for potassium-free whole-cell measure- 
ments. The bath solution contained (in mM): 100 CaC12, 
30 CsC1, 20 TEA, 10 glucose, 5 HEPES (pH 7.2) with 
CsOH. The electrode filling solution contained (in mM): 
145 CsCI, 10 TEA, 10 EGTA, 10 glucose (pH 7.2) with 
CsOH (Ecl =-  13 mV). Osmolarity for both solutions 
were set on 300 mOsM. 
2.3.1.4. Solutions for inside-out recordings of voltage- 
activated channels. The bath solution contained (in mM): 
140 NaCI, 4 KCI, 1 MgC12, 10 glucose, 0.1 EGTA, 5 
HEPES (pH 7.2) with KOH. The electrode filling solution 
contained (in mM): 100 BaCI 2, 20 CsC1, 20 TEA, 10 
glucose, 5 HEPES (pH 7.2) with CsOH (Ecl = -13  mV 
from intracellular membrane side). Osmolarity for both 
solutions was 300 mOsM. Cs + and TEA in electrode 
filling solution is likely to block potassium-channels on 
patch area completely, leaving only chloride, sodium and 
calcium-channels active. 
2.3.1.5. Solutions for cell-attached patches and inside-out 
patches of leak-type channels. The bath solution contained 
(in mM): 130 NaC1, 10 KCI, 2.5 CaCI 2, 0.5 MgCI 2, 10 
glucose, 5 HEPES (pH 7.4) with KOH. Electrode filling 
solution contained (in mM): 135 CsC1, 10 TEA, 5 EGTA, 
5 HEPES, 5 glucose (pH 7.4) with CsOH. Osmolarity for 
both solutions were set on 280 mOsM. Cs ÷ and TEA in 
electrode filling solution is likely to block potassium-chan- 
nels on patch area completely, only chloride currents are 
possible with the remainder of the cell at normal physio- 
logical conditions. 
2.4. Electrophysiology 
Melanoma cells were studied using the whole-cell, 
cell-attached and inside-out configurations of the patch- 
clamp technique [3]. Electrodes were pulled from GCI20F 
glass (Clark Electromedical Instruments, UK). Data were 
recorded with Axopatch-lD patch-clamp amplifier with 
CV-4 1/100 headstage (Axon Instruments, USA). Data 
storing and protocols for data acquisition were done by 
CLAMPEX and FETCHEX-options of the pClamp v. 5.0 
program through TL-I DMA interface (Axon Instruments, 
USA). 
2.4.1. Whole-cell patch-clamp 
Electrodes for whole-cell recordings had impedances of 
3-7 M g2. After cell membrane was ruptured and large 
capacitive transient was observed, the whole-cell capaci- 
tance and series resistance was compensated. For voltage- 
activated chloride-current recordings, a typical protocol 
used was with holding potential 0 mV and increasing 
voltage steps of 20 mV up to 100 mV for an 80-ms period 
(see Fig. 1). Leak-currents were subtracted by P /4  proce- 
dure performed by CLAMPEX in the pClamp program. 
For leak-type channel activity, a typical tail-current 
protocol was used to determine membrane current-voltage 
relations (see Fig. 3). Holding potential was held at -80  
mV. Both potassium-containing and potassium-free solu- 
tions were used to see differences in membrane reversal 
potentials. Potassium permeability versus chloride perme- 
ability was calculated by means of Goldman-Hodgkin-Katz 
equation. Leak subtraction was not used in this case. 
2.4.2. Inside-out patch recordings of voltage-activated 
channels 
For voltage-activated channel recordings a protocol was 
used with holding potential at 0 mV and decreasing volt- 
age steps of -20  mV down to -200  mV for 80 ms period 
(see Fig. 2). Single channel events were recorded with a 
procedure without averaging in order to determine single- 
channel conductances. To obtain the current-voltage r la- 
tions, averages of 10 runs were used. Leak currents were 
subtracted by P /4  procedure performed by CLAMPEX. 
Impedances of electrodes were ca. 8 M.O. Data were 
filtered by acquisition at 2 kHz. Slight filtering off-line 
was done for better esolution by ORIGIN graphics pro- 
gram (MicroCal Software, USA). 
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Fig. 1. A whole-cell record of voltage-activated chloride currents in melanoma cells. A non-linear current-voltage r lation shows chloride-channels being 
voltage-activated. 
2.4.3. Single-channel recordings 
Single-channel activity was measured both in cell-at- 
tached and inside-out configuration. Impedances of elec- 
trodes for cell-attached and inside-out patch recordings 
were ca. 8 MY2. In cell-attached configuration, after a 
giga-seal had formed, the; electrode holding-potential was 
set on 80 mV (voltage across the cell membrane being the 
same as -80  mV in the whole-cell configuration). Data 
was filtered by acquisition at 2 kHz. More data filtering 
off-line was done with ORIGIN for increased clarity. 
Baseline subtraction was also done off-line. In inside-out 
configuration similar data acquisition and data treatment 
were used as in cell-attached configuration. 
2.4.4. Voltage-ramp recordings 
Increasing and decreasing voltage-ramps from 80 mV to 
-50  mV (see Fig. 7) were used to determine the reversal 
potentials for channel-activity in cell-attached configura- 
tion. A single ramp duration was 90 ms. Data points 
acquired during the second (ascending) ramp were in- 
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Fig. 2. Inside-out patch recordings of 25 pS voltage-activated chloride-channels. At the left is shown single channel activity recorded at different voltage 
levels across the membrane patch (A). Voltages smaller than - 100 mV showed no noticeable single channel activity. Outward currents are caused by 
inward fluxes of chloride ions (recorded currents are not reversed but are presented as recorded). Single current levels were determined by subtracting the 
leak current by eye from the recorded data. Slope conductance derived from a linear fit is 22.8 pS _+ 3.7. Voltages here are the electrode 
voltage + Eci(= -13  mV) (B). At the bottom right is shown an average of 10 similar recordings of another patch at varied voltage levels (C). 
Current-voltage r lation shows similar properties as in Fig. 1, but with the current direction being inversed and current amplitude being smaller as caused 
by the inside-out configuration. 
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versed in time domain in ORIGIN. Thus three descending 
ramp results were achieved from a single ramp protocol. 
Because leak subtraction protocols performed by CLAM- 
PEX or Axopatch amplifier esulted in non-linear subtrac- 
tion, the leak subtraction was performed with ORIGIN by 
fitting linear functions approximating the leak by eye on 
the recorded ramp data. Linear estimate gave points which 
were subtracted from the recorded ata points. During data 
acquisition leak subtraction was not used. A slightly differ- 
ent ramp protocol with similar data treatment was also 
used to achieve more values for reversal potential determi- 
nation (data not shown). The reversal potential determined 
after averaging the ramp results was used for determining 
intracellular chloride concentration i  cell-attached config- 
uration. 
3.  Resu l ts  
3.1. Voltage-activated chloride-channels do not need ex- 
ternal calcium 
Previous observations from keratinocytes, a cell type 
that is functionally related to melanocytes, howed cal- 
cium-dependent voltage-activated chloride-currents [ I ].Our 
experiments were planned in order to see if calcium is 
needed for that activity. Possible calcium channel activity 
would result in inward barium fluxes, because barium was 
in these experiments he only possibly permeant cation in 
extracellular solution. Fig. 1 shows a whole-cell recording 
from a melanoma cell carried out in calcium-free solutions. 
Resulting current-voltage r lation is non-linear showing a 
typical voltage-activated conductance. The outward current 
direction demonstrates that it is caused by an inward 
chloride flux. Result shows that large voltage-activated 
chloride-currents are possible to be activated in melanoma 
cells without calcium. The holding-potential was set at 0 
mV assuming near zero resting potential for these cells. 
Our later analysis shows this assumption to be quite 
accurate. 
3.2. Voltage-activated chloride-channel has a conductance 
of approximately 25 pS 
Fig. 2 shows inside-out patch recording with single- 
channel events elicited by voltage command pulses. Cur- 
rents are shown with the recorded irection as negative 
charge moving outward from the pipette. Such (cell mem- 
brane) outward single-channel currents could be carried by 
inward chloride-ion fluxes or outward sodium-ion fluxes. 
The averaged single channel currents have similar current- 
voltage relation and activation pattern as the whole-cell 
recordings, current magnitude being smaller (and direction 
of the current being inversely caused by inside-out config- 
uration). Thus we assume that the currents are carried by 
outward chloride-ion fluxes. The electrochemical driving 
force for these currents is Eelectrod e q- Ec I  (Ec I  = - 13 mV). 
The single channel currents gave conductances of 28 pS in 
- 100 mV, 26 pS in - 140 mV, 23 pS in - 160 mV, 26 
pS in -180  mV and 26 pS in -200  mV. The average 
conductance is 25.6 pS + 1.36. The slope conductance 
obtained from a linear fit is 22.8 pS + 3.7. Noise level is 
quite high in these results, probably caused by the only 
mediocre seal resistances achieved (= 2 GO). Also the 
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Fig. 3. Whole-cell recordings of leak-type channel activity carried both in potassium containing (A) and potassium-free solutions (B). (A) The reversal 
potential for chloride is + 0.7 mV and for potassium -70  mV. The reversal potential for whole-cell currents is approx. - 10 mV, which is clearly lower 
than the chloride reversal potential. This shows considerable potassium permeability. Permeability ratio PK/Pct = 0.6 is calculated by means of the 
Goldman-Hodgkin-Katz equation. (B) A similar experiment ow carried out in potassium-free solutions. The reversal potential for chloride is - 13 mV. 
The reversal potential for whole-cell currents is now approx. - 15 mV, close to the chloride-ion reversal potential. That shows that chloride is the major 
current carrier at these K-free conditions. 
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Fig. 4. Bursting, spontaneous flickering-type chloride-channel activity recorded at cell-attached configuration. Continuous trace of 1 s is recorded at the 
holding potential 80 mV (pipette side). Inward currents are caused by the efflux of chloride ions. Bursting activity occurred after minutes of quiet period 
and disappeared after a short period again. 
leak-subtraction procedure leaves some leak-current noise 
on the result. In spite of these aspects, the single-channel 
conductance determination could be done successfully. 
3.3. Whole-cell experimer~ts show considerable K + and 
CI --permeabil ity 
The holding-potential nd the test potentials for these 
recordings were chosen to minimize the voltage-activated 
chloride-currents. As shown in Fig. 3 the reversal potential 
for whole-cell current is approx. -10  mV with solution 
containing potassium and without potassium-channel 
blockers (E K = -70  mV and Ecl = +0.7 mV). Leak sub- 
traction was not used. By means of the Goldman- 
Hodgkin-Katz equation, the ratio for potassium-ion perme- 
ability versus chloride-ion permeability PK/Pcl Can be 
calculated to be 0.6, assuming no other permeant ions. 
Result shows considerable potassium permeability, but no 
activating/inactivating potassium currents could be found. 
Potassium channels present must be of the leak-type. 
Fig. 3 also shows a result from a whole-cell experiment 
carried out with potassium-free solutions and containing 
potassium-channel blockers Cs ÷ and TEA. Reversal poten- 
tial for whole-cell current in this experiment was approx. 
-15  mV. The reversal potential was therefore very close 
to the calculated chloride-ion reversal potential ( -  13 mV). 
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Fig. 5. A 30 pS leak-type chloride channel in cell-attached patch. Continuous data of 450 ms in the holding potential of 80 mV. In this data the channel is 
mostly open and closes for only a short period. 
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Fig. 6. Leak-type 30 pS channel activity in inside-out patch. Two conductance l vels shows patch containing at least two channels. Holding potential is 80 
mV. 
Thus, when potassium-currents were not present, the rever- 
sal potential approached the chloride-ion reversal potential, 
indicating that the chloride-ion was the sole current carrier. 
3.4. At least two types of spontaneous CI-channel activity 
in melanoma cell membrane 
The studies of melanoma cells showed considerable 
chloride-leak currents through the membrane. The elec- 
trode filling solution in cell-attached recordings from 
melanoma cells (at normal physiological conditions) made 
only chloride-currents possible in the patch area. In these 
recordings we found at least two types of chloride-channel 
activity when holding potential was held at 80 mV (similar 
to -80  mV in whole-cell configuration). The holding 
potential was chosen to distinguish the spontaneous activ- 
ity from voltage-activated chloride currents. To find any 
currents at all the holding potential must be far from the 
reversal potential of the ion concerned, and the holding 
potential of 80 mV was thus not the resting potential of the 
cell (approx. 0 mV). 
Flickering type channel activity that was found is shown 
in Fig. 4. Bursts of activity occurred spontaneously after 
minutes of non-active period (data from non-active periods 
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Fig. 7. A typical result from an experiment with voltage ramps from 80 mV to - 50 mV showing current direction inversing around the reversal potential 
of the current carrier ion. Leak-currents were subtracted by fitting linear functions on the result and subtracting the leak-functions with the plotting 
program. Resulting current voltage relations were used for averaging in Fig. 8. 
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Fig. 8. A result of 96 averaged voltage ramps from 80 mV to - 50 mV in a melanoma cell-attached patch. Zero current was achieved at electrode voltage 
of - 2.6 mV. The reversal voltage could be used for the calculation of the intracellular chloride concentration. 
not stored for hardware limitations). Data show multiple 
conductance levels for channel openings and most obvi- 
ously more than one channel is active during the recording 
period. Chloride-ions are the only possible current carriers 
at these conditions in the patch area. Large inward cesium 
currents are not probable. Maximum current value is over 
40 pA and all the current was going through the patch area 
of about 3 /~m 2. Thus a single channel conductance should 
reach over 500 pS if only one channel were active. More 
obviously many channels activated at the same time. 
Slowly opening/closing leak-type chloride channel ac- 
tivity is shown in Fig. 5. Data recorded from cell-attached 
patch show a channel being mostly open at the holding- 
potential of 80 mV, and ill closes spontaneously for a short 
period. A channel conductance was calculated to be ca. 30 
pS. Data was filtered at 2 kHz on-line. 
3.5. Flickering-type acticity was not found in inside-out 
patch recordings 
From 30 inside-out pa~ch recordings no flickering-type 
chloride-channel activity 'was found. Similar slowly open- 
ing/closing leak-type channel activity as found in cell-at- 
tached recordings is shown in Fig. 6. Continuous trace of 1 
s from inside-out patch shows two conductance levels 
indicating patch containing at least two 30 pS chloride 
channels at the holding-potential of 80 mV. Data are 
filtered on-line at 2 kHz and additional filtering is done in 
the plotting program for better resolution. The fact that 
inside-out patch data never showed any flickering-type 
activity may thus indicate that this channel may have 
required some intracelluhtr factors in order to appear. In 
contrast, the leak-type activity did not seem to need any 
intracellular factors. 
3.6. Cell-attached voltage-ramp experiment data give 
intracellular chloride concentration 
Cell-attached voltage-ramp experiments were done in 
order to determine the reversal potential for the channel- 
activity in patch area. The increasing and decreasing volt- 
age-ramp rotocol is shown in Fig. 7. Data treatment is 
explained in Section 2. Fig. 7 shows a typical voltage ramp 
result with current inversing around the reversal potential. 
Flickering activity was present in these data, but the 
voltage-ramp data that were used for averaging contained 
mostly slow leak-type activity with little flickering. Result- 
ing averaged chloride-current from 96 voltage-ramps ver- 
sus ramp voltage is shown in Fig. 8. Averaged result gives 
-2 .6  mV as the reversal potential. Averaged results from 
slightly different ramp protocols gives -4 .04 mV (30 
ramps) and -3.63 mV (33 ramps) for reversal potentials 
(data not shown). Weighted average for the reversal poten- 
tial was thus -3.09 mV. The intracellular chloride con- 
centration can be calculated from these data when chloride 
concentration i  the electrode is known. This gives 163 
mmol for the intraceilular chloride concentration when the 
chloride concentration in bath solution was 146 mmol. 
Both in electrode filling solution and in bath solution the 
osmolarity was 280 mOsM. 
4. Discussion 
We have demonstrated that melanoma cells from cul- 
tured cell-line A2058 have both voltage-activated and 
spontaneous chloride-channel activities. In the membrane 
of the melanoma-cell, which is a metastatic cancer cell, the 
roles of these channels could turn out to be very important 
in finding ways to selectively eliminate the cancer cells. 
288 M. Kauranen et al. / Biochimica et Biophysica Acta 1269 (1995) 281-289 
Voltage-activated chloride-channel activity seemed to be 
of the same kind as found in keratinocytes [1]. Voltage- 
activated chloride-channels in melanoma cells do not seem 
to need any calcium in the intracellular solution, nor in the 
extracellular solution to be activated. In contrast, in the 
keratinocytes voltage-activated chloride-channels showed 
Ca 2 ÷-dependency. 
The single-channel conductance of voltage-activated 
chloride-channels in melanoma cells was determined to be 
~ 26 pS. As far as we know, this is the first report of the 
single-channel conductance of the voltage-activated chlo- 
ride channels in pigmented cells. From normal and cystic 
fibrosis epithelial cells a 25 pS (at 0 mV), outwardly 
rectifying, depolarization-induced chloride-channel 
'ORDIC' has been found [4]. The near-identical conduc- 
tance of these channels could indicate that they are closely 
related, or the same channel. Similarities in physiological 
tasks of these cells has not yet been investigated. 
The large leak type chloride-conductance we have found 
seems to be typical of epithelial cell membrane [5]. Similar 
leak-type channels were found also in keratinocytes. In 
cystic fibrosis epithelial cells, the non-voltage-activated 
chloride-channels were associated with cell swelling. In 
addition to Cl--leak, the melanoma cells showed consider- 
able K+-leak conductance. This can be suggested to be a 
consequence of potassium channel openings, although the 
potassium single channel currents could not be isolated in 
the present study. Experiments on keratinocytes and hu- 
man colonic cell line T84 suggest hat the swelling-in- 
duced conductance is CI-selective [1,6]. The volume regu- 
lation needs extrusion of water with conservation of elec- 
troneutrality. Therefore, volume regulation can be under- 
stood as a loss of KC1 that drives the efflux of water, and 
leak-type channels should include both potassium and 
chloride-selective channels. The possible effect of cell 
volume increase on the chloride-leak current in melanoma 
cells is still unexplored. Experiments of actin-binding pro- 
tein on volume-regulated potassium-current i  melanoma 
cell membrane have shown that the actin-binding protein is 
needed for regulatory volume decrease induced by K ÷- 
channel activation after hypotonic stimulus [7]. It was 
suggested that volume regulatory response may involve 
stretch-activation f K+-channels via the force of actin 
cytoskeleton and actin binding protein. Also a volume-reg- 
ulated chloride channel function associated with the human 
multidrug resistance P-glycoprotein fibroblasts has been 
suggested to be stretch-activated [8]. It was also suggested 
in the same study that the volume-activated chloride chan- 
nels of human colonic cell line T84 and other commonly 
studied cells are likely to be a consequence of P-glyco- 
protein expression. Stretch-activation f chloride-channels 
on melanoma cells has not yet been reported. In our 
experiments he osmotic stimuli, if any, are very small due 
to the careful osmotic balancing, and therefore it is very 
unlikely that the channel activity we have called sponta- 
neous would be caused by stretch-activated channels, at 
least if they require osmotic swelling. The melanoma cells 
are otherwise quite active, including slow movement and 
growing of pseudopodia, nd it is probably not too far- 
fetched to suggest hat the spontaneous channels activity 
could be related to these cell functions. 
In our experiments the slow type Cl-channel had a 
conductance of ~ 30 pS. The single-channel conductance 
of the cystic fibrosis Cl-channels is 50-60 pS [4]. In 
human colonic cell line T84, a swelling-induced, volume- 
sensitive chloride channel of 75 pS has been found [6]. The 
slow type chloride channel we found in melanoma cell 
membrane both in cell-attached and inside-out patch con- 
figuration is thus smaller than the volume-activated chlo- 
ride channels in cystic fibrosis and T84 cells. The fact that 
the channel is also found in inside-out configuration sug- 
gests that the channel is not (at least exclusively) stretch- 
activated. Our suggestion is that this channel-type is spon- 
taneously active also at normal physiological conditions 
representing typical non-activating leak-type channel. 
In contrast to the slow-type channel, the flickering-type 
chloride channel activity was not found in inside-out patch 
recordings. The absence of this activity in inside-out 
patches may be a consequence of the lack of some intra- 
cellular factors. It may also be due to the lack of the action 
of the cytoskeleton on the cell membrane. This type of 
activity may be associated with cell volume changes or 
cell movements which affect the cell membrane via actin 
cytoskeleton. 
The intracellular chloride concentration determined from 
cell-attached ramp protocols shows the Cl-concentration 
being slightly higher intracellularly than extracellularly. If 
the chloride would be the dominant ion to set the mem- 
brane potential, this would indicate that the resting mem- 
brane potential is slightly depolarized. But, assuming that 
the intracellular potassium is at the level of 150 mM, and 
[K] o of 5 raM, this would give the normal resting potential 
of ~ -30  mV, if we accept the presently determined 
permeability ratio PK :Pcl of 0.6:1 for the background leak 
(at room temperature of 20°C). This calculation can be 
compared to reports of the resting membrane potential of 
keratinocytes of - 24 mV [2], on sweat duct cells of - 35 
mV [9], and in cultured human lens epithelial cells of -26  
mV [10]. These reports of resting membrane potential of 
epithelial cells are near the value estimated here. 
As a conclusion, we found at least two types of sponta- 
neous chloride channel activity in melanoma cell-line 
A2058 (flickering and slowly opening/closing channel). 
Voltage-activated chloride-channels were also found, and 
the whole-cell experiments how considerable leak-type 
potassium conductance. 
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